Multidrug-resistant (MDR) and extensive drug-resistant (XDR) tuberculosis (TB) are significant health problems throughout the world. Although the main treatment is medical, adjunctive surgical resection may increase the chance of cure in selected patients with MDR-TB or XDR-TB. This study aimed to present a case series of patients who underwent surgical resection for MDR-TB.
Introduction
Pulmonary tuberculosis (TB) remains a major challenge for healthcare authorities. [1] Multidrug-resistant TB (MDR-TB) poses a significant challenge to the control of TB worldwide, and is likely to be associated with the worst outcomes. [2] [3] [4] [5] China is one of the world's 27 countries with the highest burden of MDR-TB and extensively drug-resistant TB (XDR-TB). [5] A recent meta-analysis suggested that MDR-TB cases have begun to decline with the implementation of MDR-TB treatment strategies, but the prevalence remains high, with 3% for XDR-TB. [6, 7] These figures suggest that MDR-TB and XDR-TB are serious concerns in China. [8] Current medical treatment for MDR-TB is usually not satisfactory, with toxicity, high expense, and an estimated mortality rate of 26%. [9] [10] [11] [12] Therefore, the option to undergo pulmonary resection to remove a destroyed lung, lobe, or segment may be offered to remove a great number of TB cells that do not respond to chemotherapy. Although treatment guidelines for MDR-and XDR-TB have been published, the gold standard for the surgical management of pulmonary TB is controversial. [13, 14] It has become clear that surgery should only be considered for carefully selected patients. But there remains some debate on the indications for surgery, the conditions for and timing of surgery, the types of operation that are suitable to treat TB, and which are the contraindications for elective surgical treatment. [13, 14] Therefore, the aim of the current study was to evaluate the role of surgical pulmonary resection combined with chemotherapy for patients with MDR-TB and XDR-TB. We reviewed the outcomes of these patients who were treated with pulmonary resection for MDR-TB including XDR-TB.
Methods

Patients
This was a retrospective case series. All patients were treated in 1 of 3 centers in China. These were the Department of Thoracic Surgery, Shanghai Public Health Clinical Center, Shanghai; The Department of Surgery, Henan Chest Hospital, Henan; and the Department of Surgery, Anhui Chest Hospital, Anhui. The treatment was provided between October 2008 and February 2011. Most patients had previously been treated at other hospitals and were subsequently referred to the centers for further management.
The patients were included in the study according to the following inclusion criteria: their sputum culture was positive, and a drug sensitivity test confirmed rifampicin and isoniazid resistance; the disease could be resected with the expectation of adequate cardiopulmonary reserve postsurgery; and the patient had no serious heart, brain, or kidney disease; with one of the following: the disease was so severe or extensive that there was a high probability of failure or relapse with medical therapy alone; pulmonary complications (including pulmonary cavity, destroyed lung, bronchopleural fistula, and hemoptysis) were evident and had probably been caused by drug-resistant pulmonary TB, confirmed by bacteriological examination and drug susceptibility tests (DSTs) after 4 to 6 months of supervised anti-TB chemotherapy; and there were micronodular or calcified lesions.
Patients were excluded if they fulfilled any of the following criteria: anti-TB chemotherapy treatment had lasted <4 months (the World Health Organization [WHO] recommendations suggest 2-4 months); patients with anti-TB chemotherapy were followed up for 3 months, and X-ray and chest CT showed the lesion had changed; mental illness leading to the patient being unable to comply with the study; or poor compliance.
This study followed the principle of informed consent and was approved by the Shanghai Public Health Clinical Center's ethics committee.
Clinical data collection
All cultures and DST were performed at the TB laboratory of the Shanghai public health clinical center. Sputum cultures were performed monthly until 3 consecutive negative sputum culture results were achieved and then every 2 to 3 months until treatment completion. Decontaminated sputum samples were inoculated into both Lowenstein-Jensen media and the BACTEC MGIT 960 broth culture system (Becton, Dickinson and Company, Franklin Lakes, NJ). For all Mycobacterium tuberculosis-positive sputum cultures, first-line and second-line DSTs were performed using the absolute and proportion concentration methods, respectively, as previously described. [10] The drugs and concentrations (final concentration in MGIT tubes) were as follows: isoniazid 0.1 mg/mL, rifampicin 1.0 mg/mL, ethambutol 5.0 mg/mL, and streptomycin 1.0 mg/mL. Resistance was indicated by >100 growth units and susceptibility was determined by <100 growth units. Pyrazinamide testing was performed using the MGIT960 liquid broth system.
Surgery
All patients had received individualized multiple-drug chemotherapy, as determined by drug susceptibility studies. Treatment was directly observed during the hospitalization period, and drugs were self-administered after discharge. Preoperative evaluation included chest radiography and computed tomography for localizing the TB lesions, bronchoscopy for visualizing the airways and ruling out bronchial lesions, electrocardiogram, and spirometry for assessing lung function. Laboratory analyses included a complete blood count, chemistry panel, and HIV serologic testing.
All patients received general anesthesia, they were intubated with a double lumen endotracheal tube, and had a chest tube placed. Resections were approached through a posterolateral thoracotomy. The type of resection was based on the extent of the pulmonary lesion. Most patients underwent placement of a muscle flap to buttress the bronchial stump. The technique of muscle flap construction used was initially described by Pairolero et al. [15] The serratus anterior muscle was initially used, but the latissimus dorsi muscle is now our muscle of choice. The latissimus dorsi is dissected from the chest wall, with the vascular supply left intact. A portion of either the 3rd or 4th rib is resected, through which the muscle is passed into the thoracic cavity. The muscle is then placed over the bronchial stump and secured with suture. A total of 44 muscle flaps were used. Muscle flaps were not used after lower lobectomies or segmental resections.
Patients were expected to remain on anti-TB drugs for 12 to 24 months after surgery, depending on when they achieved negative sputum culture conversion. Final treatment outcomes were determined by the WHO criteria. [16] Cure was considered when smears and cultures were negative throughout treatment for at least 18 months (or 24 months, in the absence of first-line drugs). A favorable outcome was defined as cure or treatment completion; a poor outcome was defined as treatment failure, death during treatment, or default with the exception of patients who defaulted treatment but had no evidence of TB disease by history or imaging, and had a negative follow-up sputum culture as they were considered to have a favorable outcome. Operative mortality was defined as any death occurring within 30 days after surgery in or out of the hospital, or after 30 days during the same hospitalization subsequent to the operation.
Data analysis and statistical analysis
Data were collected and managed using a REDCap (research electronic data capture) database. [12] Medical chart abstraction was performed to collect information on demographics, medical history, TB treatment history, chest imaging findings, surgical therapy, and TB treatment outcomes. Statistical analysis was performed using SPSS 22.0 (IBM SPSS Statistics for Windows; IBM Corp., Armonk, NY). Data were presented as mean ± standard deviation or percentage. Differences in categorical variables were tested using the chi-squared test. The 2-sample t test was used for continuous variables. Patients were assigned into the poor and good outcome subgroups according to their outcome. Logistic regression analysis was used to determine the factors that were related to a good outcome after the surgical procedure. A P value <.05 was considered statistically significant. 
Results
Characteristics of the patients
A total of 54 patients with pulmonary XDR/MDR-TB underwent adjuvant surgical resection (Table 1) . Their mean age was 38 years and 37 (69%) were males; 4 (7%) patients had diabetes, 2 (4%) had cardiovascular disorders, 8 (15%) had chronic liver diseases, and 6 (11%) had chronic obstructive pulmonary disease or other lung diseases. Major preoperative clinical manifestations included coughing in 28 patients, chest pain in 2, chest distress in 5, hemoptysis in 15, weight lost in 38, and fever in 8.
Most patients (34, 63%) were retreatment TB cases who had been previously treated with either first-(26, 48%) or second-line drugs (8, 15%); 20 (37%) had XDR-TB. Patients received a median of 5 anti-TB drugs and had received XDR/MDR-TB treatment for an average of 10 months prior to surgery. Twentyeight (52%) had a positive presurgery sputum acid-fast bacilli (AFB) smear for M tuberculosis. Real-time quantitative polymerase chain reaction (qPCR) analysis for presurgery sputum shows a similar positive rate with presurgery sputum AFB smear (32% vs. 29%). The frequency of drug resistance is shown in Table 2 .
Imaging revealed cavitary disease in 43 (80%) patients, bilateral disease in 18 (33%), presence of cavities in 41 (76%), presence of bilateral cavitary disease in 8 (15%), and totally destroyed lung in 4 (7%).
Surgery
The most common indication for surgery was a high likelihood of treatment failure or disease relapse (59%) followed by medical treatment failure (29%) and massive hemoptysis (11%). All patients had surgical resection performed including 8 pneumonectomies (15%), 46 lobectomies (85%), and 9 lobectomies with wedge reception (17%). The patient who underwent multiple wedge resections had previous contralateral pneumonectomy for a destroyed lung owing to TB: he did not have sufficient pulmonary function for anatomic resection.
Treatment outcomes
Sputum AFB smear and sputum qPCR were undertaken for all patients at the time of the operation. Surgical operations were carried out according to general procedures in our hospitals. Table 3 shows the surgical complications that occurred according to whether the patients had positive sputum PCR prior to surgery. No spillage of the contents of cavities into the operative field occurred in any patient. There was no operative mortality. Postoperative complications occurred in 6 patients (11%): 1 patient (2%) had major complication of a bronchopleural fistula, 2 patients (4%) had bleeding, and 3 patients (6%) had a prolonged air leak ( Table 3) .
The treatment stratagem for postsurgical empyema with bronchopleural fistula was as follows. In early postpneumonectomy empyema with bronchopleural fistula, balanced chest tube drainage was used, and in late postpneumonectomy empyema with bronchopleural fistula the tube was connected to a standard water seal. Immediate surgery was performed to repair the bronchial stump and provide Eloesser flaps for long-term open drainage and irrigation. After surgery, all patients received a multidrug regimen postoperatively that was generally the same as their preoperative regimen. AFB = acid-fast bacilli, COPD = chronic obstructive pulmonary disease, MDR = multidrug-resistant, PCR = polymerase chain reaction, TB = tuberculosis, XDR = extensive drug-resistant. 
PCR results
Among 32 qPCR-positive MDR TB patients, 22 patients (69%) were cured, 4 patients (13%) completed therapy, 4 patients (13%) failed treatment, 2 patients defaulted but 1 was considered cured (3%) and the other patient had an unfavorable outcome (3%), and no patient died. Among 22 qPCR-negative MDR-TB patients, 18 patients (82%) were cured, 2 patients (9%) completed therapy, 1 patient (5%) failed treatment, and 1 patient (5%) defaulted. The favorable outcome rates did not differ significantly between patients with qPCR-positive and those with qPCR-negative results (84% vs. 91%; P = .286; Table 3 ). In all, 52 patients of the total 54 patients completed follow up (2 cases with positive PCR results had lost contact). One of these patients had persistent positive sputum culture results 12 months after surgery, so this patient was considered as having treatment failure, the other patient had negative sputum culture results 1 month after surgery, this patient was lost to follow up at 11 months after surgery, and this case was considered as good prognosis. The mean follow up after surgery was 385 days for the 52 patients who completed follow up. Favorable outcomes were achieved in 47 (87%) patients, including one of the patients who was lost to follow-up; 27 (84%) in those with qPCR-positive and 20 (91%) in qPCR-negative patients. Six patients (9%) completed treatment. The patients received a mean of 421 days of M/XDR-TB treatment before surgery and 252 days after surgery. Of the 7 (13%) patients with unfavorable outcomes, including 1 who was lost to follow-up, 6 (11%) experienced treatment failure, and 2 (4%) defaulted on their treatment (1 patient remained sputum culture positive 12 months after default and 1 was the patient who was lost to follow up). Among the 32 qPCR-positive MDR TB patients, 31 had negative qPCR results postsurgery; however, in 4 patients their sputum culture tested positive again within 4 months and so they subsequently experienced treatment failure, and one of the patient's sputum culture continued to test positive at 12 months of follow up, which was also considered as treatment failure.
Factors related to treatment outcome
Univariate analysis suggested that the only factor which exerted an influence on the prognosis was body mass index (BMI). The multivariate logistic regression analysis also showed that BMI was related to a successful treatment outcome. The result showed an odds ratio = 0.537 with a 95% confidence interval: (0.310, 0.928), P = .026. The results indicated that per unit increase in BMI, the risk of a poor prognosis decreased by 46% (Table 4 ).
Discussion
The aim of this study was to provide information on a series of patients who were selected to undergo surgical resection as an adjunctive intervention to drug treatment for MDR-TB. The results show that patients undergoing this procedure had a favorable outcome in 87% of cases. Complications occurred in 11% of cases, but these were not related to the positive or negative results of preoperative sputum culture or the qPCR result. The only factor that influenced outcome was BMI. Currently, MDR-TB remains a serious health and economic problem, particularly in developing countries. [14] In the present study, the indications for surgery [14, [16] [17] [18] were sputum positivity in 28 cases and a high risk of relapse in 25 cases. Surgery is controversial for sputum negative cases, but it has been shown that surgical resection is essential for a cavitary lesion or destroyed lung or lobe because of the difficulty of antibiotic penetration and the high number of organisms contained within the cavity. It is necessary to resect all cavitary disease and destroyed lung, and leave no grossly diseased lung behind.
Anatomically, this study reveals several intriguing observations. Left lung destruction was found in more than 88% of the patients who underwent a pneumonectomy. The predilection for left lung destruction in patients with pulmonary TB has been reported by others. [19] The reason for this is not clear. It is possible that the anatomic differences between the left and right main stem bronchi and the location of the lobar bronchi may account for this discrepancy. When there is isolated infection without total lung destruction, the right upper lobe is the most common site of infection. [20] The timing of surgery is crucial for postoperative mortality, morbidity, and the chance of cure. The best time for surgery should be the period with the least number of bacilli, which may occur 3 months after the start of a new regimen. When no highly effective anti-TB agents are available, and symptoms are progressive, lung resection should be considered to prevent further damage to the lungs. Lalloo et al [21] also pointed out that timely surgical intervention was necessary in order to prevent the spread of MDR-TB and to protect the remaining normal lung. [22] Surgical complications for TB patients will continue to represent a challenge to practicing thoracic surgeons. The postoperative complication rate reported in the recent studies of surgical treatment for MDR TB was 5% to 26%. Complications associated with surgical resection mainly include bronchopleural fistula, prolonged air leaks, and postoperative bleeding. In our series, major complications occurred in 11% (6/ 54 patients).
The postoperative mortality and morbidity rate for pulmonary TB is decreasing. This is largely owing to proper selection of the patient, development of the anesthesia technique, stapling devices, and the effective use of anti-TB agents postoperatively. [23, 24] The mortality rate of MDR-TB after surgery ranged from 0% to 3%. [25] [26] [27] [28] [29] We did not register any mortality in our study. The low complication rate (lack of bronchopleural fistula, operative mortality, or major complications) might be due to the >5 preoperative anti-TB drugs administered for >3 months. However, when we assessed the number of complications according to whether the patients had a positive PCR result or not we found no differences between the groups. The role of routine muscle flap reinforcement in patients with MDR-TB is debatable. Other authors provide 4 indications for the use of a muscle flap: positive sputum at the time of surgery, pre-existing bronchopleural fistula, polymicrobial contamination of the thoracic cavity, and anticipated space problems after lobectomy. [20] In our study, it was used to prevent the postoperative development of bronchopleural fistulae, especially in patients with a positive sputum at the time of the operation. All our patients had positive sputum cultures or smears.
The successful treatment of any infectious disease involves a delicate balance of host and pathogen processes. Surgery for MDR-TB can best be considered as a neoadjuvant "debulking" procedure to remove a major, focal burden of TB bacilli contained within necrotic and nonviable lung tissue. In one study, resected tissue culture demonstrated mycobacterial growth even from patients who were sputum AFB smear-negative preoperatively. [30] In the present study, we also performed tissue culture for 9 subjects with sputum culture-negativity before surgery, and all of them had tissue that was both smear-and culture-positive. Incomplete resection of TB lesions, especially cavities, but also nodules, bullae, microcavities, or fibrotic areas, is one of the risk factors for disease relapse. [31] These prior studies and the excellent outcome in our study exemplify the benefit of complete or radical removal of all tuberculous lesions for cure in both MDR-TB patients.
The only risk factor associated with poor outcome in univariate and multivariate analyses was BMI. This suggests that patients with a higher BMI were more likely to have a favorable outcome. Unfortunately, there is very limited literature on risk factors for poor outcome among MDR-TB surgical patients. A study from Latvia found that less drug resistance was associated with favorable outcomes, [26] another study from Korea [27] found that low BMI, increasing drug resistance, and bilateral disease were associated with poor outcomes. In a study of retreatment cases from the United States, [32] XDR-TB, bilateral disease, and low BMI were associated with poor outcomes. An issue with all reported MDR/XDR-TB surgery studies including ours is limited sample size, making it difficult to conduct a meaningful multivariate analysis, fully evaluating risk factors for a poor outcome.
As mentioned above a major limitation of this study is the small sample size. In addition, this study has other limitations including the retrospective nature of the analysis, the limited follow-up time, and the lack of a control group. Other factors that need to be considered are the large time span for patient inclusion and the fact that some patients were transferred from other hospitals, meaning that they did not have a unified standard premedication strategy, which made it difficult to obtain more instructive clinical conclusions.
Our findings are similar to previous reports suggesting that surgical resection may improve MDR-TB outcomes. [28, 29, [32] [33] [34] [35] [36] [37] [38] Our findings support the important role of adjunctive surgical resection in the management of pulmonary MDR-TB patients who meet the criteria for surgery. Preoperative sputum smear positive or negative MDR-TB is not an absolute indication for surgery, it is only a preoperative reference. The optimal timing of adjunctive surgery remains unknown and has not been adequately addressed in treatment guidelines or clinical studies. The results of this study show that a series of patients with MDR-TB had good treatment outcomes after adjunctive pulmonary resection. Higher BMI was related to a favorable outcome. Our study suggests that proper patient selection and the timing of operations are crucial to achieve a high success rate of pulmonary MDR-TB with well-localized pulmonary cavities.
